FIG. 1. Anterior view of the anomalous stillborn infanit.
A portion of the placenta is attached to the head. The ectopic cerebral hemisphere, inverted heart, and abdominal viscera are shown, as well as the full extent of the relatively short umbilical cord.
FIG. 2. A close-up view of the ectopia cordis. The tubular extension of the completely ectopic and inverted heart is shown passing anterior to a normal left eye to attach to the placenta. The wide defect in the thoracic wall and its lateral extension along the right side of the neck is evident. Other structures shown are the liver at the lower left, the umbilical cord, malformed left naris, and an oblique facial cleft.
FIG. 3.
A section of transparent keratinized stratified squamous epithelium, lacking glands and hair follicles, which covered the defect in the thoracic wall and enveloped the ectopic heart. Underlying the stratum germinativum a portion of the thick vascular connective tissue layer which lined the heart musculature is shown. x400.
FIG. 4. A section of the tubular extension of the heart. The longitudinal arrangement of the cardiac muscle fibers is shown. x400.
have been the sigmoid, and the upper portion of the rectum. The retroperitoneal suprarenals and kidneys were in place. All the other abdominal viscera, including the pancreas and spleen within a persisting dorsal mesentery, were contained in a large, fragile, transparent sac (Fig. 1) . Histologically the sac consisted of a single cell layer of amnion. Although visceral peritoneum was present on all the abdominal viscera, the parietal peritoneum did not extend beyond the intact abdominal wall into the sac. All of the intestinal tract had mesentery and because developmental rotation of the gut failed to occur no omentum was present. Within the sac the small intestine was located to the right side and the colon to the left. The liver was transposed, placing the gall-bladder on the left side of the body. The umbilical cord was abnormally short, and the two umbilical arteries were not in their usual close relationship. Also, they did not coil around the umbilical vein at any point. The abdominal wall was intact lateral to the defect and below the attachment of the umbilical cord. The pelvis and urogenital structures were normal.
The diaphragm was intact and in the area of the trunk defect it attached to a thin anterior body wall cranial to the ectopic abdominal viscera. This area of attachment was found to be, histologically, a zone of transition where the single cell-layered amnion covering the ectopic abdominal viscera became continuous with the defective thoracic wall consisting of a transparent keratinized stratified squamous epithelium which lacked glands and hair follicles. The epithelium was in contact with underlying mediastinal connective tissue and also enveloped an ectopic heart (Fig. 3) . Beyond the defective wall it was continuous with the skin. The cartilageous sternum, which had only begun to ossify, was widely separated into two longitudinal parts that had failed to meet and fuse in the midline. The great vessels passed between the two halves of the sternum to attach to an inverted ectopic heart which was in turn attached to the placenta by a tubular extension of the right ventricle, measuring 2 cm. from the apex to the placenta (Fig. 2) . The placenta was fused to what would normally have been the forehead. The heart was transposed for the chambers which would normally have been the right atrium and ventricle were the left and vice versa. Serial sections of the heart and its tubular extension disclosed that their surface was completely covered by the transparent keratinized stratified squamous epithelium which was intimately fused to a thick layer of connective tissue enveloping the heart musculature. Nothing resembling a serous layer of pericardium or epicardium was found. Only a 5 mm cul-de-sac of endocardium from the right ventricle continued into the tubular extension. The extension, which passed anterior to a normal left eye, was quite vascular and consisted chiefly of longitudinally-arranged cardiac muscle fibers (Fig. 4 ). Its ensheathing epithelium became continuous with the amnion covering the placenta to which the head was fused. The vascular ventricular extension served as a direct anastomosis between the coronary and placental vessels. A narrow mediastinum filled with areolar tissue contained the esophagus, trachea, and great vessels. The pleurae were intact, and the lungs appeared normal in their proper sites. The great vessels were elongated and showed a number of variations. The venae cavae were ventral to the arteries. The superior passed caudally to the right of the midline to join the inferior, forming a long common trunk which abruptly curved cranially to empty into the left atrium of the transposed heart. The coronary sinus also opened into the left atrium. Before the superior vena cava joined the inferior, a right and left pulmonary vein joined it. Opening into the common caval trunk were two long hepatic veins and a ductus venosus which drained the umbilical vein. Within the heart a wide patent foramen ovale was present. The membranous portion of the interventricular septum was also absent and a truncus arteriosus opened over this defect. The truncus, which passed caudally from the inverted heart, gave off two coronary arteries. No valves were present where the coronaries branched off. The truncus then made a bend dorso-cranially, giving off a short pulmonary artery containing no valves. The pulmonary artery divided into right and left branches, each of which passed to the hilus of a lung. No ductus arteriosus was found. The truncus continued cranially as the aorta to arch to the right instead of the left. A left instead of a right innominate artery was present which gave rise to the left common carotid and subclavian arteries.
Multiple anomalies of the head were also present. A narrow, shallow, oblique facial cleft ran from the medial canthus of the left eye to the upper lip which was drawn slightly upward at that point (Fig. 2) . This defect represents an imperfect fusion of the frontonasal and maxillary processes during development and probably was associated with the marked elevation of the left naris. The portion of the frontal bones which normally forms the forehead, the parietals, and the interparietal portion of the occipital bone was absent. Histologically, it was found that the skin of the head continued beyond the well-formed base of the skull as a thin sac of epithelium lacking glands and hair follicles to enclose an extension of arachnoid and pia mater which contained a single, ovate cerebral hemisphere (Fig. 1) . The dura mater lined the normal base of the skull but did not extend beyond it into the sac. Thus, the tentorium cerebelli was intact, but the falx cerebri and the superior and inferior sagittal venous sinuses were absent. Within the cerebral hemisphere a single tubular ventricle was present which formed a slight constriction to communicate with the antero-superior portion of a normal third ventricle. The corpus callosum and septum pellucidum were absent. The roof of the third ventricle consisted of a layer of ependyma containing a choroid plexus which did not extend into the ventricle of the hemisphere. The rest of the diencephalon and remaining brain stem were normal. All of the cranial nerves were intact. A diaphragma sellae was present, and the sella turcica and hypophysis were normal. The arterial circle of Willis was intact; however, the cerebral arteries followed an irregular pattern on the single hemisphere. The great cerebral vein connected with a straight sinus in the tentorium which in turn joined a normal transverse sinus where the confluence of sinuses is ordinarily located. DISCUSSION Patten' speculated that ectopia cordis occurs when the heart is caught outside instead of inside the converging ventral body wall at the time of demarcation between the intra-and extra-embryonic coeloms. This would establish the body wall defect about the third week in development. The imperfect convergence of the wall apparently extended caudally to the future umbilical region of the abdomen. In the thoracic region the amnion, closing the defect in the body wall, developed into cutaneous epithelium lacking hair and gland development, whereas in the abdominal region it remained unchanged. The defective formation of the head probably also occurred early, resulting in the fusion of the head to the amnion and then in turn to the chorion in the region of the developing placenta. About the fifth week, after the heart was assumed to be caught outside the ventral body wall, the relatively large head and heart were in close proximity due to the complete flexion of the embryo. This was probably the-time, if not before, when the apex of the heart fused with the placenta to which the head was already attached. Also, at this time the development of the left side of the face could have become slightly involved in the adjacent malforming processes as evidenced by the persistence of a shallow oblique facial cleft and an elevated naris. As growth changes separated the fused head and placenta from their close proximity to the thorax, the attached heart probably became completely inverted and then under additional tensional stress elongated into a tubular form in the area of the apex which was fused to the placenta.
The fusion of the head to the placenta undoubtedly caused the premature separation of the latter from the uterus during labor, resulting in frank bleeding. Fortunately the mother suffered no ill effects. If a radiogram had been made when the breech position was noted at the onset of labor or when the bleeding occurred before full cervical dilatation, the malformed skull and sternum would have readily revealed the presence of an anomalous fetus. A similar situation existed in another study1 where bleeding occurred during labor. A radiogram detected the presence of an anomalous fetus which was then delivered by Caesarian section.
No known factors could be definitely associated with the etiology of the anomalous stillborn, for the ancestral record and detailed information on the four previous miscarriages were lacking. The advanced reproductive age of the mother may have had little significance, as was previously reported.' SUMMARY A human stillborn female with multiple malformations had an unusual ectopia cordis. The heart was completely outside the thoracic cavity, inverted, and covered by a transparent layer of stratified squamous epithelium. A well-vascularized tubular extension of the right ventricular musculature attached to the placenta which was fused to the head, forming a direct anastomosis between the coronary and placental vessels. A possible developmental formation of the anomaly is presented.
